Introduction {#section1-2333794X18816909}
============

Herniorrhaphy becomes the choice and standard treatment for inguinal hernia and is estimated as used in more than 20 million cases per year worldwide.^[@bibr1-2333794X18816909]^ However, the availability of epidemiological data on patients with inguinal hernia repairs in general and child populations is limited and therefore warrants investigation. Reports of the number of inguinal hernia repairs vary between countries, ranging from 100 000 in the United Kingdom to 500 000 in the United States annually, with 27% men and 3% women receiving inguinal hernia repairs at least once in their lifetime.^[@bibr1-2333794X18816909][@bibr2-2333794X18816909][@bibr3-2333794X18816909]-[@bibr4-2333794X18816909]^ Inguinal hernias occur in 5% of full-term and 30% of preterm infants, and it is 4 to 10 times more frequent in boys.^[@bibr5-2333794X18816909]^ In Taiwan, a recent study attempted to estimate the incidence of children with inguinal hernia repair using a national health insurance (NHI) database and determined that the cumulative incidence of inguinal hernia in children up to age 15 was 6.62% in boys and 0.74% in girls.^[@bibr6-2333794X18816909]^ With the advancement in medical technology and care, it remains unclear to date if there is any change in the prevalence, including gender difference, of inguinal hernia repairs in the preterm infants. Studies reporting the prevalence of inguinal hernia repairs in preterm infants were disseminated back in the 1980s.^[@bibr7-2333794X18816909],[@bibr8-2333794X18816909]^ Our study used both NHI database in Taiwan, which was launched in 1995^[@bibr9-2333794X18816909]^ and offers universal health care services to nearly all residents (coverage rate 99.6%) claimed with a citizenship card (or an identity card),^[@bibr10-2333794X18816909]^ and a local hospital database not only to report the incidence of inguinal hernia repairs in general population and in children up to age 19, but also to identify the prevalence and gender discrepancy between term and preterm infants with inguinal hernia repairs.

Aim {#section2-2333794X18816909}
===

The study aimed to determine the age and gender differences in the populations with inguinal hernia repairs, including preterm infants.

Materials and Methods {#section3-2333794X18816909}
=====================

Using a NHI database from 2007 to 2011 in Taiwan, we first aimed to analyze age and gender difference of children with inguinal hernia repairs. Second, using a local teaching children's hospital database, we conducted age-specific and gender-specific analyses on those children aged 0 to19 years born as term versus preterm infants (\<37 gestational weeks) who received inguinal hernia repairs.

Research Design {#section4-2333794X18816909}
---------------

A retrospective cohort study design was used to report the age-specific and gender-specific characteristics of children aged 0 to 19 years with inguinal hernia repairs in Taiwan's population between 2007 and 2011. All the subjects' inpatient and outpatient department (OPD) claim data from 2007 to 2011 were included for the estimation of age and gender differences of the targeted populations (Aim 1). The data from the local teaching children's hospital were retrieved for age and gender differences of the infants (term vs preterm) who received herniorrhaphy (Aim 2). The teaching children's hospital was chosen for these data because it claimed to perform approximately 19% to 20% of all hernia repairs among the 24 hospitals accredited for this procedure in Taipei. This figure was determined by counting the number of cases of inguinal hernia repairs undertaken in this local hospital (858/780/780) and comparing it with the cases of inguinal hernia repairs that occurred across the 24 hospitals in Taipei (4358/4120/4080) recorded in the NHI database from 1999 to 2011.

Data Source and Study Population {#section5-2333794X18816909}
--------------------------------

The data from the Executive Yuan of the Department of Health indicated both the inpatient and OPD claims data for the number of the patients who received inguinal hernia repairs during the years 2010 and 2011; the associated individual health identification number of each data item was anonymous. The data were retrieved from the NHI claims database in Taiwan targeting children aged 0 to 19 years (born between January 1, 2007, and December 31, 2011, or turning 19 before December 31, 2011) who had been diagnosed with the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) Operation Codes 530-533. We were interested in the subjects who were diagnosed with inguinal hernia by physicians' physical assessment and observation confirmed by X-ray and received herniorrhaphy presenting with ICD-9-CM Operation Codes 530, *unilateral repair of inguinal hernia*; 531, *bilateral repair of inguinal hernia*; 532, *unilateral repair of femoral hernia*; and 533, *bilateral repair of femoral hernia*. The subjects' dates of birth and gender were also obtained. The calculation of the age of the study cohort was based on the difference between the date of birth and the date of the herniorrhaphy (defined as the index date). The primary outcomes were defined as the primary diagnosis of inguinal hernia repairs in either outpatient or inpatient claims occurring 1 year after the index date. To ensure each patient was equally followed for 1 year, only the data from 2010 to 2011 were analyzed. The secondary outcomes were the age and gender of the retrieved subjects either from the NHI database or the local children's hospital records.

Statistical Analysis {#section6-2333794X18816909}
--------------------

The study used descriptive statistical methods to analyze independent variables in reporting the patients' age and gender characteristics, which were presented as the number and percentage. The statistical analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC), and a 95% confidence interval with *P* \< .05 were seen as statistically significant. Age and gender differences among age subgroups and term versus preterm infants were performed using χ^2^ tests.

Ethical Approval {#section7-2333794X18816909}
----------------

Ethics approval for this study was obtained from the Institutional Review Board of Ethics Committee of the teaching hospital (Institutional Review Board No. 12MMHIS080).

Results {#section8-2333794X18816909}
=======

Age and Gender Differences {#section9-2333794X18816909}
--------------------------

The largest group of children with inguinal hernia repairs during the period 2007 to 2011 in the NHI database was those aged 1 to 4 years, which accounted for 46.9% of the total number of children aged from 0 to 19 years with inguinal hernia repairs ([Table 1](#table1-2333794X18816909){ref-type="table"}). The smallest group of children with inguinal hernia repairs was those infants aged less than 4 weeks, which accounted for only 1.4% of the total number of children with inguinal hernia repairs. Furthermore, there was a significant gender-ratio difference across the age subgroups of the children. The infants aged less than 4 weeks showed the least gender-ratio difference of 1.8 boys to 1 girl; while among children aged 1 to 12 months, compared with other age subgroups, the greatest difference in gender ratio was 5.3 boys to 1 girl. Frequency in the age subgroups was found to be significantly different by their gender discrepancy (*P* \< .001), that is, boys (49.1%) were more than girls (39.3%) in the 1 to 4 age subgroup, resulting in 10% increase in boys, while girls (37.8%) were more than boys (23.7%) in the 5 to 9 age subgroup, leading to 15% increase in girls.

###### 

Age and Gender Difference of Children With Inguinal Hernia Repairs in Total (National Health Insurance Database From 2007 to 2011)^[a](#table-fn1-2333794X18816909){ref-type="table-fn"}^.

![](10.1177_2333794X18816909-table1)

  Age           Boys, n (%)       Girls, n (%)      Total, n (%)      Male--Female
  ------------- ----------------- ----------------- ----------------- --------------
  \<4 weeks     449 (1.2%)        245 (2.2%)        694 (1.4%)        1.8:1
  1-12 months   5827 (15.3%)      1090 (9.9%)       6917 (14.1%)      5.3:1
  1-4 years     18 715 (49.1%)    4337 (39.3%)      23 052 (46.9%)    4.3:1
  5-9 years     9017 (23.7%)      4173 (37.8%)      13 190 (26.9%)    2.2:1
  10-14 years   2410 (6.3%)       817 (7.4%)        3227 (6.6%)       2.9:1
  15-19 years   1676 (4.4%)       367 (3.3%)        2043 (4.2%)       4.6:1
  Total         38 094 (100.0%)   11 029 (100.0%)   49 123 (100.0%)   3.5:1

*P* for χ^2^ test \<.001.

In contrast, from a local children's hospital records, the total number of children with inguinal hernia repairs from OPD and hospital cases from 2007 to 2011 were 3984 (without repeated cases; [Table 2](#table2-2333794X18816909){ref-type="table"}). The largest group of children with inguinal hernia repairs from both OPD and hospital cases between 2007 and 2011 were identified in those aged 1 to 4 years, which accounted for 38.2% of the total cases, similar to those from the NHI database. Similarly, the local hospital data showed 3096 (77.7%) boys and 888 (22.3%) girls, and the gender ratio of boys to girls was 4:1, akin to the gender ratio in children population from the NHI database.

###### 

Age Difference in the Subgroups of Children Receiving Herniorrhaphy in OPD and Hospital (Without Case Repetition) From 2007 to 2011 (N = 3984; From Local Children's Hospital Database).

![](10.1177_2333794X18816909-table2)

  Variables      Number   Percentage
  -------------- -------- ------------
  Age                     
   \<1 year      1219     30.6
   1-4 years     1523     38.2
   5-9 years     1013     25.4
   10-14 years   174      4.4
   15-19 years   55       1.4
   Total         3984     100

Abbreviation: OPD, outpatient department.

We then made the linkage within the 2007 to 2011 local children's hospital data between the number of children born (N = 24 935) and those with inguinal hernia repairs (N = 3984), finding that 611 children, 15.3% born in the local children's hospital, received herniorrhaphy. We then attempted to connect the data pertaining to the preterm infants born in the local children's hospital (N = 3366) and the 611 children who received herniorrhaphy, finding that 204 (33.4%) children who were born prematurely and who received inguinal hernia repairs in this local hospital. This means that for every 3 children born and who received inguinal hernia repairs in this local hospital, one would be identified as born prematurely.

When analyzing the age-specific and gender-specific differences of the 611 children who received herniorrhaphy within the local children's hospital data, age-specific difference was found while gender-specific difference was not statistically significant ([Table 3](#table3-2333794X18816909){ref-type="table"}). The percentages of children receiving herniorrhaphy across age subgroups was significantly different against their birth types (term or preterm infants; *P* \< .001). Among those infants who received herniorrhaphy within 6 months, 155 (76%) infants were born prematurely while 198 (48.6%) were born as a term infant. In addition, those infants younger than 6 months were more likely to receive inguinal hernia repairs compared with other age subgroups, particularly if they were born prematurely.

###### 

Children Born and Who Received Herniorrhaphy (N = 611; From the Local Children's Hospital Database).

![](10.1177_2333794X18816909-table3)

                                                                  Term Infants, n (%)   Preterm Infants, n (%)   Total, n (%)
  --------------------------------------------------------------- --------------------- ------------------------ --------------
  Age^[a](#table-fn3-2333794X18816909){ref-type="table-fn"}^                                                     
   \<6 months                                                     198 (48.6%)           155 (76.0%)              353 (58%)
   6-12 months                                                    36 (8.8%)             7 (3.4%)                 43 (7%)
   1-2 years                                                      86 (21.1%)            29 (14.2%)               115 (19%)
   2-3 years                                                      50 (12.3%)            11 (5.4%)                61 (10%)
   \>3 years                                                      37 (9.1%)             2 (1.0%)                 39 (6%)
   Total                                                          407 (100%)            204 (100%)               611 (100%)
  Gender^[b](#table-fn4-2333794X18816909){ref-type="table-fn"}^                                                  
   Boys                                                           327 (80.3%)           152 (74.5%)              479 (78%)
   Girls                                                          80 (19.7%)            52 (25.5%)               132 (22%)
   Total                                                          407 (100%)            204 (100%)               611 (100%)

*P* for χ^2^ test by age \<.001.

*P* for χ^2^ test by gender \>.05.

Furthermore, among the 204 children born prematurely who received herniorrhaphy as reported in the data of the local children's hospital, there were 152 boys (74.5%) and 52 girls (25.5%), resulting in the gender ratio of 3 males to 1 female. In contrast, the gender ratio of the children born as term infants who received herniorrhaphy was similar to the gender ratio of the children aged 0 to 19 years in the NHI database, namely, 4 boys to 1 girl. No statistical difference was found between gender and whether the infant born prematurely or not (*P* \> .001).

Discussion {#section10-2333794X18816909}
==========

This study adds to the confirmation of empirical data on the age-specific and gender-specific characteristics of children with inguinal hernia repairs and found that preschoolers (aged 1-4 years) comprise the greatest group of children presenting with inguinal hernia repairs compared with children in other age groups, which is similar to the reports from the United States and the United Kingdom.^[@bibr3-2333794X18816909],[@bibr6-2333794X18816909]^ Furthermore, the study has found the gender differences in the general population as 4 males to 1 female, which is consistent with the literature showing that women are less likely to present with inguinal hernia repairs compared with men.^[@bibr5-2333794X18816909][@bibr6-2333794X18816909][@bibr7-2333794X18816909]-[@bibr8-2333794X18816909]^

Using a local hospital database from a teaching children's hospital that had treated a high number of cases of preterm infants and herniorrhaphy, our analysis found that for every 3 children with inguinal hernia repairs, 1 child would be born prematurely and 25% of this group would require herniorrhaphy within 6 months. Reports on preterm infants' risk of development with inguinal hernia repairs generally were found in the 1980s till the 2000s^[@bibr11-2333794X18816909][@bibr12-2333794X18816909]-[@bibr13-2333794X18816909]^; however, more recent studies investigating age and gender characteristics in preterm infants with inguinal hernia repairs have not seen decreases. Our study has identified that more infants were born prematurely (76%) than born as a term infant (48.6%) in receiving herniorrhaphy within 6 months. In addition, those infants aged less than 6 months were more at risk compared with other age subgroups for inguinal hernia repairs, particularly if they were born prematurely. Literature has pointed out that the preterm infants have an increasing risk of developing inguinal hernia based on their anatomical position, that is, the infant's inguinal canal is short that crosses the abdominal wall perpendicularly rather than obliquely, resulting in the external ring being located on the top of the internal ring.^[@bibr14-2333794X18816909]^ This can lead to an exacerbation if the preterm infants who are treated by mechanical ventilation where intra-abdominal pressure becomes elevated resulting in the likelihood of inducing inguinal hernia. Furthermore, our study has showed the ratio of gender differences among children born prematurely differs from those of children born as a term infant, namely, 3 males to 1 female in the preterm children with inguinal hernia repairs.

This study has at least 2 methodological strengths in relation to the source and size of the data used. First, we retrieved data from a NHI database from 2007 to 2011 that recorded all inguinal hernia repairs performed for patients diagnosed with inguinal hernia that provided a large sample size, thus resulting in reduced type 2 error in statistical analysis. In Taiwan, NHI started in 1995, and since 2000, it has covered 99% of the population^[@bibr9-2333794X18816909],[@bibr10-2333794X18816909]^; thus, it has the quality of representativeness in the reports of children with inguinal hernia repairs in terms of their age and gender distinctive features. Furthermore, the local data from the teaching children's hospital are representative in terms of the high number of infants born and inguinal hernia repairs performed in this hospital. In comparison to the national database, the chosen children's hospital is accountable for performing 20% of inguinal hernia repairs for all cases in Taipei. Second, we used a large database that can result in a significant effect in identifying the age and gender characteristics of children with inguinal hernia repairs.

Implication and Conclusion {#section11-2333794X18816909}
==========================

Hernias are a common disorder in the general population and may be more prevalent in children. Prompt surgical intervention is essential to prevent therapeutic implications and lifelong consequences. Regular screening and assessment of inguinal hernia among young children is important, particularly among infants aged less than 6 months and preschoolers. Moreover, early screening of inguinal hernia for children who were born prematurely, particularly within 6 months after birth, is crucial for hernia repair. Boys have a greater risk than girls for inguinal hernia repairs, especially for those boys born prematurely.^[@bibr15-2333794X18816909][@bibr16-2333794X18816909]-[@bibr17-2333794X18816909]^ In Taiwan, births occur mainly in hospitals, and therefore, clinical awareness and prompt screening for children at risk for development of inguinal hernia and then initiating early hernia repair are important,^[@bibr18-2333794X18816909]^ particularly for boys, preschoolers, and children born as preterm infants.

Limitations {#section12-2333794X18816909}
===========

This study is limited in at least 2 aspects. Despite our study purpose was focused on reporting age and gender differences in children with inguinal hernia repairs, we did not investigate the recurrence rate, comorbidities, preoperative status, or the likelihood of bilateral hernias as compared with unilateral hernia in children, which may be considered in future research. We believe that we have avoided overestimation in retrieving and analyzing the large dataset because the cases of inguinal hernia repairs were substantive, and therefore, the accumulation of false-positive cases should not have occurred.
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